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ABSTRACT 



New cosmetic compositions are disclosed that are effective 
both as moisturize^ and skin sloughing agents. The com- 
positions contain neutralized weak organic acids that when 
applied over tirjjc to the skin in appropriate formulations will 
gradually increase in acidity to pH 5.5 or less, for example 
about pH 4.5, without causing sjdo irritatioo wade exhibit- 
ing increasing activity in skin Tenewal effects. 

29 Claims, 1 Drawing Sheet 
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Fig. 1 

Self-Adjusting pH formula technology 
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1 

COMPOSITIONS AND METHODS FOR 
DELIVERY OF SKIN COSMECEUTICALS 

This application claims the benefit of Provisional Appli- 
cation No. 60/357,466, filed Feb. 15, 2002. 

BACKGROUND ART 

1 . Field of the Invention 

The invention concerts compositions and methods for 
formulating and delivering cosmeceutical skin preparations. 
The disclosed compositions are particularly adapted for 
delivery of acidic agents for Skin renewal and treatment 
agents. 

2. Description of Related Art 

Human skin acts as a protective barrier to both physical 
and chemical insults. The properties of the cutaneous layer 
are important to the cosmetic industry in developing effec- 
tive and safe skin preparations in addition to medical con- 
cerns in treating damage to the skin surface in conditions 
Such as acne, 

Tbe epidermal surface is acidic and has been the subject 
of Btudies on epidermal permeability and formation. The 
chemistry and fiinction of dry skin and moisturizers has been 
extensively reviewed (Laden and Howard, eds, 2000) in the 
context of understanding <be factors involved in developing 
Skin moisturizers and protective formulations. 

Skin homeostasis normally is maintained at about pH 5 
allowing lipid barrier repairs. At more neutral Of alkaline 
pH, skin repair fe inhibited (Mauro, 1998). Studies have 
shown that there are racial differences in the stratum cor- 
oeum pH gradient at least with respect to the surface layers. 
Significant differences between Caucasian and black Afri- 
can-American skin was reported by Berasdesca, et al. 
(1998), although no differences were found in the deeper 
stratum comeurn layers. 

Mauro et a!, stales that the skin's lipid barrier is impeded 
at neutral pH, independent of ionic eEfects, Epidermal per- 
tneability barrier homeostasis requires tbe post-secretory 
processing of polar lipid precursors into oonpolar lipid 
products witbin the stratum comeurn (SC) interstices by a 
family of lipid hydrolase enzymes. A Specific requirement 
for beta-glucocerebrosidase (beta-GlcCer'ase), which 
exhibits a distinct optimum acidic pH, is particularly well 
documented. The investigators sought to determine whether 
the recovery of the barrier after acute insults requires acidi- 
fication of the SC. They examined permeability barrier 
recovery by assessing changes in transcpidennal water loss 
(TEWL), SC membrane uJu;asmicture utilizing ruthenium 
tetroxide (RuO*) postfixarion, and beta-GJcCer'ase activity 
by in situ zymography at an acidic vs. neutral pH. Barrier 
recovery proceeded normally when aceto no-treated skin was 
exposed to solutions buuTered to an acidic pH. In contrast, 
tbe initiation of barrier recovery was slowed when treated 
skin was exposed to neutral or alkaline pH, regardless of 
buffer composition. In addition, enhancement of the alkaline 
buffer-induced delay in barrier recovery occurred with Ca a * 
and K* inclusion in the buffer. Moreover, the pH-dependcnt 
alteration to barrier recovery appeared to occur through a 
mechanism that was independent of Ca 2 ^ or controlled 
lamellar body secretion, since both tbe formation and secre- 
tion of Iflmellar bodies proceeded comparably at pH 5.5 and 
pH 7.4. Exposure to pH 7.4 (but not pH 5.5) resulted in both 
the persistence of immature, extracellular lamellar mem- 
brane structures, and a marked decrease in the in situ activity 
of beta-GlcCer'ase. These results suggest first that an acidic 
extracellular pH is necessary f or the initiation of barrier 
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2 

recovery, and second that the delay in barrier recovery is a 
consequence of inhibition of postnsecretory lipid processing. 

Kligroan (2000) states "... our concept of humectants (as 
moisturizers) falls short of explaining how thoy work. It is 
worth repeating that used alone tbey are not much good. It 
is only when they arc properly formulated vvjtb other ingre- 
dients that their potential benefits are realized. Other factors 
such as pH also have to be taken into account, because 
proteases which lead to orderly desquamation of borny cells 
* within tbe stratum comeurn are activated only at acid pHs of 
4 to 5. Also tbe various hydrolytic enzymes, which are found 
in the stratum corncum and which arc essential to tbe 
formation of tbe mtercoroeocyte lipids that establish the 
impermeability of tbe barrier, are activated only at acid pHs" 
15 (Kaigman, 2000). 

Feiogold and Elias (2000) state that the epidermal surface 
has been known for many years to be acidic, but the role of 
this acidic pH of tbe stratum corneum in barrier homeostasis 

w was unknown, It is well recognised (bat P-glucocerebrosi- 
dase is most active at pH 53. Recently, wc have examined 
barrier recovery of an acidic vs. neutral pH. Barrier recovery 
proceeded rjormaUy when acetone treated skin was exposed 
to solutions buffered to an acidic pH. In cootrast, barrier 
recovery was delayed when treated skin was exposed to 
neutral or alkaline pH regardless of buffer composition" (in 
Dermatology, eds. Lodcn and Maibach, 2000). These results 
indicate that an acidic extracellular pH in the SC is required 
for normal extracellular lipid processing and normal barrier 

M homeostasis. 

The majority of marketed skio treatment preparations use 
emulsifying agents that are nonvolatile and accordingly 
remain on the skin until removed by cleansing. Most facial 
care cosmetics are formulated with about 5-1% emulsifying 

35 agents, at a pH of 6.5-S.O to insure product stability, and 
contain on average about 75% water. After application to the 
skin the water used in tbe formulation evaporates off the skin 
quickly, leaving up to approximately a 205$ concentration of 
emulsifying agents on the skin. This high level of emulsi- 

d0 fying agent is capable of emulsifying the natural lipids in the 
skin which can be removed on cleansing the skin. The net 
result is detrimental to tbe skin for two reasons; the residual 
pH of 6,5 to 8,0 is not favorable for tbe repair of the skin's 
lipid barrier layer and the residual high level of emulsifying 

4S agents is conducive to removal of tbe natural lipids in the 
skin leading to an even drier skin condition. The stress of the 
emulsifying agent residue causes overstimulation of tbe 
Skin, increased oil production, irritation and blemishes. 
Stronger emulsions are difficult to neutralize for older skin 

5Q and sensitive skin. Harsh ernulsificrs may actually damage 
skin by dissolving the skin's protective lipid barrier, which 
is essential to healthy looking skm- Additionally, perspira- 
tion may remove the active ingredients deposited on the 
skin. 

DEFICIENCIES IN THE PRIOR ART 

The inventors have observed that an acidic skin care agent 
is desirable for the reasons given above, but many acidic 

$0 agerjts that have been used in skio products have a pH low 
enough to cause irritation or slight burning, Tbe irritation 
and burning can be cumulative over repeated application. 
The acids are effective at low pH, however, they are not 
available in formulations for periods of time of al least 

65 several hours at optimal effective pHs. A stable sbelf-lifc is 
necessary fox sldn eve formulations, which generally 
requires a pH of no lower than 6.0. A pH of 6 0 or more 
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insures that the product is stable, but is too high to promote i\ is also possible to build into these systems salts of skin 

effective rebuilding of the skin's protective barrier. protective polymers thai arc water soluble at pH 6 to pH 7 

but which become insoluble at pH values below pH 5. Thus 

SUMMARY OF THE INVENTION ammonium carboxycoclhyl cellulose, ammomum alginate, 

5 ammonium cartagheenatc, ammonium polyacfylate, amnio- 
nic invention recognizes the need to provide an environ- °i urn VA/Acrylate and the like are water soluble but after 
mem of below pH 5.5, and preferably between about pH 45 application to the skin tbe ammonia evaporates and a thui 
and 5,0 to promote activity of the skin enzymes involved in l a Y c f of water insoluble polymer is left on the skin which 
repairing a damaged lipid skin barrier, acts as a barrier to protect (he skin, enhances skin moistur- 
ise invention addresses the problem of providing an ideal *° i?ali ? n and : DeciUSe < l is wa to insoluble, holds other iropor- 
pH for cosmeoeutjcals and skin treatments. This is accon> taDt ingredients in contact with the skin, 
plished by providing an arombnium saJl of a selected weak Tbexc is one further major advantage that accrues in using 
organic acid to the skin in a formulation that allows slow ammoniated system. It has been shown that the skin 
evaporation after skro contact, resulting in release of ammo* enzymes involved in repairing a damaged lipid skin barrier 
oia and a gradual decrease in pH at or below 5.5 The 15 are only active at a pH of below 5.5. AJmost every skin care 
decrease in pH may take place over several hours. Active preparation on the market today is at a pH of 6.5-7.5 arjd 
ingredient delivery of pharmaceutical ingredients and/or remains at this pH for as long as it remains on the skin thus 
skin sloughing is enhanced as the pH becomes more acidic, interfering with the enzymes required for rebuilding the 
but there is no irritation because the decrease in pH is protective lipid barrier, fa the disclosed compositions, the 
gradual. Ai some point the pH of the parent acid is reached, 2Q ammonia evaporates Bqd the pM reaches the optimum level 
adding a measure of control over the final pH- enzymatic activity and skin barrier repair. 

As used herein, the disclosed preparations and formula- ^ n certa ^ n embodiments, a self-adjusting emulsifier may 

tions arc termed cosmectu deals, a hybrid term incorporating employed. Ae tbs emulsifier in the formulation cvapo- 

tbe concept of improving skin appearance by application of rat6S * ^ e composition self-adjusts to a lower pH which will 
active ingredients that often serve a thenpeuricrole. Certain 25 typically be in the range of 3.5-5.5 matching the stratum 

of the particular formulations disclosed have application in coroeum pH required for haling and enzyme production to 

treatment of skin conditions wjth over the counter (OTC) ^P 5 *' the Ji P id b4 «ier. 

drugs, such as the use of salicylic acid for acne treatment. Th*™ are iwo types of emulsions: oil in water and water 

The disclosed formulations provide, among other benefits, a & 0*1- Formulations can be created to deliver 100^ of the 

method of controlling pH of salicylic acid on the skin to therapeutic ingredients on application to tbe skin and bold 

avoid irritation and burrjuing and by causing a gradual wc ingredients when a polymer complex is used. Polymer 

lowering of pH from the neutral value at the initial appli- moisturizers create a protective barrier on the skin that 

cation. captures moisture normally lost by the skin but at tbe same 

Tbe disclosed oovel product delivery system bas many « ^me allow the Skin to readily exchange oxygen and carbon 

advantages over conventional products iv regard to safety, dioxide, unlike oil based moisturizers. Trje moisture cushion 

efficacy aod longevity of action. ' allows water to soften the skin. 

There are many weak organic acids that are beneficial io . Tbc . basic ^position* may include oumerous other 

the skin, such as salicylic acid, glycolic acid, Jactic acid, ingredients, depending on the requirements of a particular 
rjriahc acid, citric acid, tartaric acid and the like but which ao 53rfD ! >T B - Vi^mins such as vitamin Apalmilate, pro-vitamin 

have a very low pH and can be irriuttng. Salicylic acid is a ^" 5 » v toffl*& E> vitamin D3 and vitamin C arc illustrative of 

beta hydroxy acid and is an approved drug at 2% for the beneficial vitamins that may be added. Herbal and botanicals 

treatment of acne. Other acids include alpha and mixed may ako totoded with the ammonium salts, including 

alpha and bfcta-hydroxy acids that are used to slough off the £ rccn tea ' doe vera, ivy extract chamomile, watercress, silk, 

top dead layers of the skin to improve skin appearance 45 ^lp. meadowsweet, ginkgo biloba, spirulina maxima, 

Selected acids are formulated into vehicles in the form of V^Z^J^^- V¥ 

solutions, lotions, and/or creams that are well recognized for avoca u do jOj<>ba oil and evening pnmrosc oil. 

use in the preparation of skin products. The final products . D * bveiy ma * be fwwuhtwl in liposomes, ceramide III, 

arc adjusted to a P H vahc of 6.5-6.9 with an aqueous tnclosari » avobenzooe, oxybenzone or in other numerous 

ammonia solution. This results in the formation of tbe 50 ways acce P lc ^ 10 tbe a « for formulating cosmeceuticak. 

ammonium salt(s) so neutralised, It is well known that _ m „ ^ 

certain salts of alpha hydroxy acids such as tbe sodium, BRIEF DEScR ^ON OF THE DRAWINGS 
potassium, ammonium, dietbanolamine, triethanolamine 

etc. salts are humectams and when applied to the skin they FIG. 1 shows thc namral pH repair zone for skin, 

are safe and noo-irritating and are powerful skin znoisruTiz- $5 FIG. 2 schematically illustrates the moisture uptake by a 

ers; but because the pH is at neutrality, these salts remain polymer layer at the skin surface and concomitant release of 

adive only as bumectanis and will not enhance skin slough- active ingredients, 
ing of scaly dry skin or enhance skin turnover. However, 

when the salts applied are the ammonium salts, as in the DETAILED DESCRIPTION' OF ILLUSTRATIVE 

present invention, after application to the skin the ammonia eo EMBODIMENTS 
gradually evaporates from the product, the pH drops and the 

moisturizer turns into an active acid for enhancing skin The present invention relates to cosmetic moisturizing 

sJougbiug aod turnover and in the case of salicylic add preparations that odjugl torn higher to lower pH after 

becomes an active agent for the treatment of acne. The application. These formulations typically provide a pH level 

advantage of this system is that the pH drop occurs over 65 of about 4.5 by incorporating a fatty add salt as a major 

time, typically three to four hours and so tbe product is never ingredient. The salt is converted at least in part to a fatty acid 

irritating to the skin and the activity increases with time. which lowers the pH at the skin surface. This is illustrated 
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in Table 1 where pH change for selected moisturizing 
creams from different brands arc compared. 

Most moisturizers are formulated and packaged for long 
shelf life. Initially the pH is adjusted to about 6.0-7.5 to 
provide toe stability required. This is accomplished by 5 ivt2 
providing an ammonium salt of a selected weak organic acid 
to tbe skin in a formulation tbat allows slow evaporation 
after skin contact, resulting in release of ammonia and a 
gradual decrease in pH at or below 5.5 Tho decrease in pH 
may lake place over several hours. Active ingredient deliv- 
ery of pharmaceutical ingredients aad/or skin sloughing is 
enhanced as tbe pH becomes more acidic, but there is no 
irritation because the decrease io pH is gradual. At some 
point the pH of the parent acid is reached, adding a measure 
of control over the final pH. 



-continued 



PerCfiflt (w,V) 



10 



Part 3 

Ddonfrfid WitCT 
Luetic Acid (8S*)* 
rhodium Edeate 
Pan 4 



EXAMPLES 
Example X 

Skin Moisturizing and Sloughing Preparation 



20 



Dfci&niZEd Witei 
Propylene Glycol 
SD Aloobol 40-7 
Pol>1rydrr*y*thylmtth*cTyUto 

Aloe \*T» 0*1 

Ste»«th-20 
FortS 

Ammonia 5oh*wa Strong (27*) W Baumc) 



040 

0.10 



5.00 
020 



0.E0 
7J0 
5.00 
0,50 
0.10 
0.02 



<p lo pH 6.7-6.9 



Percent (w/w) 



Part 1 

5tn»nc Acid 
C«y1 Alcohol 
Glyceryl Stearate 

fMpfOpyl Strata 
G&prylic/Capric Ttiglycwid* 

Part 2 

Odooiwd Wtfer 
Glycolic Add [70%y 
Amoicnium Hydrowdo {26%) 
fort 3 

Propylene Glycol 

SD Alcohol 40-2 

PoJyhydraocycttylrricUJ9Cryl9le 

Sleajtlb-20 
Firt 4 

□ennabofl II (ISP) 
Part 5 

Fragrance 



255 
1.70 
J.25 
0.42 
0.25 
0.42 



qt 100.00 
7,00 

lo pH 6.7 



7.50 
5.00 
0.50 
0.02 



3,00 
0.10 



Example 2 

Skin Facial Moisturizing and Sloughing Preparation 



Example 3 



Acne Moisturizing and Treatment Cream 



Cpprylic/Capnc Triglyceride 
30 Glyceryl Staarato 
Salicylic Add* 
Crtyl Alcohol 

Stearic AOsd 

Beejww 

Cholesterol 
35 BHT 
Pert2_ 

Dcionilcd W&taf 
PropyUna Olycol 
Sodium flyslurorwte 
40 Sodium PCA 

Saccharide UomerMo 

Disodium Edetale 
Part 3 

Dclomzxd Water 
d 5 Propylene Glycol 
SDAkohoJ40-2 
PolyhydmcycUiylfrjethiicryUta 

Aloe V*tk G«l (2D0X) 

Stcarcth-20 
Pen 4 

50 Ammonia Solution Strong (37&) <2«* Baume) 



5X0 
3.00 
2-00 
1.50 
1J0 
1,00 
0.25 
0.05 



47.17 
S.00 
3,00 
2,00 
l-OO 
0.20 



9-SO 
ISO 
5-00 
0.50 
040 
0J02 



q( U> pH 6.7-6.9 



Pe/cent (w/w) 



Ody) MtfkoKy CiDnairtfte 
Ber>OTptiapoae-3 

Avobenzocc 

SLconc Acid 

CetjH Alcohol 
Glyceryl SloartU 
Dtmethwone 

Tbcopharyl AcclaW Cownftte Grade 
Cii-tf AJlcyl Benraate 
StonTcct y trimetbyb ilue 



7.00 
3.00 
2,00 
Z30 
1-50 
1.50 
J. 00 
0.50 
0.35 
0.25 



'Whtte the cxsroples shown abev* uUUia glycol >c, lactic **** »UcyliC 

acids, ihis doa ool picclude t»e u» c F oibcr hydroxy or non-hydfeny 
acids having a moisturizing, skin *krJghj>B or s*ui trcaLm<M effect- 

$5 Ammonium stearatc was used as the emulsifying agent. 
Grycob'c acid was neutralised with ammonia to form the 
ammonium salt. The salt was then formulated into a phar- 
maceutically acceptable cream selected for non-irritation to 
the skin and typically used in preparing cosmetic formula- 

60 ticms. An all over moisturizer was prepared (Example 1), 
with similar preparations prepared for tbe face (Example 2), 
as an acne treatment cream (Example 3), for the fragile eye 
area (Example 4) and as a nigbt cream (Example 5). The 
composition of Examples 1-3 is given above. For Examples 

65 4 and 5, the different preparations used different concentra- 
tions of inactive ingredients that are well known in Hie an for 
producing moisturizing creams. Upon application to the 
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skin, the ammonia gradually evaporated to form glycolic 
acid. The acid began sloughing of dead cells with greater 
activity over a period of 3-4 hours as the pH of the 
composition gradually decreased over this period to about 
AS. 

Table 1 illustrates the change in pH over time of several 
cosmetic products by comparison to the disclosed product. 
It can be seen that the pH of Examples deceases to 4.5 
and remains at that level for several hours io contrast with io 
comparable products whose pH shows little change from - 
neutral. 

TABLE 1 



Product 



-Bill, 



Irtourt 3 How 8Houn 



IjPteoiLw Care 
Advanced Healing Lalioa 
(Lot04219JPP10) 
Vaseline** Intensive Girc 
Dry Sto> Xotion 
<Lqi 67VH>L) 

Lubridcnri*" S1do Therapy 

(Lai 679591) 

NcutrogPD*" Moisture for 
Scnntfvc Sfcn Qo\ 31?) 
Poods** NpurWtlng 
Maiituriw lotion 
(Lot O119OH02) 
NcuCfOgeRft** Intensified 
Day Mcbufe 

L'OtoI" Active DsUy 
Moistuxc Lotiou 

(Lot pvioe) 

Nivea"" Yis«go 
(Lot 99159) 
Night of day" 
U*9360H 

(Lot «840a51) 
Ol&y"' Activating 
Hydration Lottoa 
(UH 90)911) 

Estee Lauder*' Jfcjilienc* 
(U» CB9) 

Cliaique** DiauutlcaHy 
Moieturizujg LC*lcw> 
(Lot 037) 

Unc6mp* # Rtawgle 
AntiwrlnUe Qearo 
(Lot 02S7) 
Example 1 
Eatsoipto 2 
Example 3 
Example 4 
gxatnple 5 



7j 


7.5 


7.5 


7.5 


rs 


7.0 


7.0 


7.0 


7-0 


7.0 


7.5 




7.5 


7.5 


7.5 


7.3 


7,5 


15 


7.5 


7.5 


6.5 


6.5 


oi 


6.5 


6.5 


7.0 


7.0 


7.0 


7.0 


.7.0 


6.0 


6.0 


6.0 


60 


6.0 


7.0 


6.5 


65 


€.5 


6.5 


7.0 


65 


0\5 


6.5 


6.5 


7.0 


1& 


7.0 


1X> 


7.0 


7.0 


7.0 


7.0 


7.0 


7.0 


C\0 


6.0 


6,0 


6.0 


6,0 


7.5 


7J 


7.5 


7.5 


7.5 


6.0 


&0 


6.0 


6X1 


6.0 


7-0 


5.5 


5.0 ' 


4.5 


4.5 


7.0 


5,8 


5.0 


4.5 


4.5 


7.0 


55 


5.0 


4.5 


4.5 


7.0 


55 


5.0 


4.5 


4,5 


7.0 


5.5 


5.0 


4S 


4,5 



25 



30 



40 



4S 



50 



♦COlorpHwt pfl 0-14 pH paper, CM Scieccc, Gibbsta-M, NJ 08W7 waj 
dfied f Of Uvi» t^i 
"•RcgLUered Trademarks 



55 



Tbe examples of foe present iirveution were tested in 8 
and 12 hour clinical studies, which proved extended perfor- 
mance as well as a reduction in pH. After 8 how in a sweat 
booth, only 4% of the rrjoisturizer had been removed from 
tie skin. In addition, immersion testing proved outstanding 0 
results. At ibe end of the day, positive rnoiaturization was 
fell, whereas most formulas fail in a few hours. The example 
products did not need to be altered for oily* normal, or dry 
skin, as tbe controlled release of the acids were found to 65 
balance and oormaJi2e all skin types, even tbe most sensitive 
skin. 
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What is claimed is: 

1. A composition comprising an ammonium salt of a weak 
organic add combined with a time release polymer base 
formulation wherein the composition releases ammonia 
when in skin contact to provide a gradual decrease in pH to 
5.S or leas. 

2. The composition of claim 1, wherein the pll of the 
composition gradually decreases io bctweeo 2.0 and 5.0 
when in stoio contact. 

$. The composition of claim 2, wherein the pH of the 
composition gradually decreases to between 4.0 and 4.5 
whea io skin contact. 

4. Tbe composition of claim 1, wherein the weak organic 
acid is selected from salicylic acid, glycolic acid, lactic acid, 
malic acid, citric acid, and tartaric acid. 

5. Tbe composition of claim 1, wherein the weak: organic 
is an alpha or beta hydroxy acid. 

6. The composition of claim 5, wherein the beta hydroxy 
acid is salicylic acid. 

7. Tbe composition of claim 1, whereto the time release 
polymer base formulation is pharmaceutical^ acceptable. 

8. Tbe composition of claim 1, wherein said formulation 
is a solution, lotion or cream. 

9. A method Of enhancing skin sloughing, comprising 
formulating a selected organic weak acid witb a pharma- 
ceutical^ acceptable emulsifying agent, neutralizing the 
acid with ammonia to a pH of 6.5-6.9 tn form a dispersed 
ammonium salt, applying said ammonium salt to skin 
wherein the pH gradually lowers to 5.5 or less h* ammonia 
evaporates causing a gradual enhancement of skin slough- 
ing 

10. The method of claim 9, wherein the pH of the 
composition gradually decreases to between 2.0 and 5.0 
when in Skin contact. 

II. The method of claim 10, wherein the pH of the 
composition gradually decreases to between 4.0 and 4.5 
wben in skin contact. 

12. The method of claim 9, wherein the emulsifying agent 
is a volatile emulsifying polymer that evaporates over a 
period of time to leave a water insoluble polymer on skin 
surface. 

13. The method of claim 9, wherein the weak organic acid 
is selected from the group consisting of salicylic acid, 
glycolic acid, lactic acid, mah'c acid, citric add and tartaric 
acid. 

14. The method of claim 9, wherein the pH is lowered 
over a period of 3-4 hours. 

15. The method of claim 9, wherein tbe weak Organic acid 
is an alpha or beta hydroxy acid. 

16. Tba method of claim 15, wherein the beta hydroxy 
acid is salicylic acid. 

17. The method of claim 9, further comprising a polymer 
that is water soluble pM 6 to 7 wherein the polymer becomes 
insoluble at a pH 5 and below pH 5. 
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18. The method of claim 17, wherein the water soluble 
polymer » ammonium carboxyraetfayl cellulose, ammonium 
alginate, ammonium carraghcenate, ammonium polyacry- 
laic, or ammonium VA/Actylate. 

19. A kit comprising the composition of claim 1, in 
suitable container form and directions for applying said 
composition for skin moislurization and sloughing. 

20. The Vat of claim 19, wherein ihe composition is 
ammonium salicylate in a skin protective polymer. 

21. The kit of claim 20, wherein the skin protective 
polymer is water soluble at neutral pH and insoluble at pH 
5 and below pH 5. 

22. The kit of claim 20, wherein the skin protective 
polymer is ammonium caxboxymethyl cellulose, ammonium 
alginate, ammonium carragheen ate, ammonium polymery- 
late, or ammonium VA/Acrylate. 

23. A method for treating acne, comprising applying an 
ammonium salt of salicylic acid dispersed in a formulation 
with an emulsifying agent and a lipid with sufficient water 
to allow gradual release of ammonia when in skin contact 
wherein the pH of the skin surface gradually lowers to a pH 
of 5.5 or less. 

24. The method of claim 23, wherein the skin surface pH 
gradually decreases to between 2.0 and 5-0 when the com- 
position is in skin contact. 



4,391 B2 

10 

25. The method of claim 24, wherein the skin surface pH 
gradually decreases to between 4.0 and 4.5 when the com- 
position is in Skin contact. 

26. The method of claim 23, wherein the emulsifying 
5 agent is combined with a polymer and wherein the emulsi- 
fying agent evaporates over a period of time to leave a water 
insoluble emollient and/or polymer on the skin surface. 

27. A method of enhancing skin sloughing, comprising 
10 formulating a selected organic weak acid with a ptaarma- 

ccutically acceptable emulsifying agent, neutralizing the 
acid with ammonia to a pH of 6.5-6,9 to form a dispersed 
ammonium salt, applying said ammonium salt to skin 
whereto the pH gradually lowers to 55 or less as ammonia 
is evaporates causing a gradual enhancement of skin slough- 
ing. 

28. The method of claim 27, wherein the pH gradually 
decreases to between 2.0 and 5,0 when the ammonium salt 
is in skin contact. 

30 29. The method of claim 25, wherein the pH gradually 
decreases to between 4.0 and 4.5 when the ammonium sail 
is in skio contact, 

* * » * * 
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(57) ABSTRACT 

Aqueous solutions of ditcrpenes such as Forskolin, its 
congeners, analogs and derivatives, up to approximately 6% 
concentration, are prepared using suitably substituted eyejo- 
dextrin as a solubilizing agents, In the absence of 
cyclodextrin, some ditcrpeoes such as Forskolin are soluble 
in water only to concentrations cf about 0.001%. Sue)) 
aqueous solutions find applications in topical and systemic 
use, as pharmaceutical, cosajeceutical, nutraceutjcal prepa- 
rations containing diterpenes such as Forskolta and conge- 
ners. 

7 Claims, No Drawing* 
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PROCESS FOR PREPARING WATER 
SOLUBLE DITERPENES AND THEIR 
APPLICATIONS 



BACKGROUND OF INVENTION 



1. Field of Invention 

The invention describes methods to prepare clear solu- 
tions of diterperjes, such as Forskolin and its congeners that 10 
arc sparingly soluble or insoluble in water, of concentrations 
0.09% to 6%, for convenient use in ophthalmic preparations 
as well as in topical, oral, injectable and othef dosage forms, 
for human and veterinary use. 

2. Description of Prior Art 15 
Certain active pharmaceutical ingredients are inherently 

insoluble or very sparingly soluble io water ot in aqueous 
vehicles. Very often their intended use may require their 
application in water or in aqueous vehicles, lb achieve 
therapeutically active concentrations of such water insoluble 30 
active pharmaceutical ingredients io stable form has always 
beeo actively pursued. While tbe technique of molecular 
structural manipulation of the active pharmaceutical ingre- 
dient that is insoluble in water could be adopted, incorpo- 
rating structural features that promote aqueous solubility 23 
may result in the attenuation or modification of tbe intended 
desired pharmacological properties. Hence it maybe most 
desirable to invent methods of solubilking too active ingre- 
dients in their native structural form by other means. 

Aqueous solubility of drugs is a desirable feature from 30 
many angles. Aqueous formulations are stcrili2able by stan- 
dard techniques such as filtration etc to render such prepa- 
rations suitable for systemic administration, Also aqueous 
preparations are preferable in derroatological. 
gynecological, otological, rhinological and on mucous 35 
membrane applications. Especially useful arc aqueous oph- 
thalmic preparations of drugs. 

Forskolin (CAS no 66575-29-9) is a naturally occurring 
labdane diterpene from Coleus forskohlii (Bhat, $ V; 
Bajwa, B. S.; Doroaucr, de Souza, N. J.; Feblabac, H.W.; 
Tetrahedron Lett., (1977), 18, 1669). It has several desirable 
pharmacological properties- 

Forskolin displays positive inotropic, antihypertensive 
and broncho-spasmolytic activity; (Bhat t S. V; DohadwaUa, 
A N.; Bajwa, B. $.; Padkar, N.; Dornauer, H.j de Sou**, N. 
J.; J Med Cbem., (1983), 26, 486). 

Jt lowers intraocular pressure (Caprioli J> Sears M.; Lan- 
cet (1983); April 30;l(8331):958-6O r Badian M ct al.; Klin 
Monatsbl Augeaheilkd (19$4);1$5:5226, Zeng S, et al. Yao 
Ke Xue Bao (1995);11: 173-176, Lee P Y, et al.; Arch 
Ophthalmol (1987); 105:249-252,. Meyer B H, et al. S Afr 
Med J. (1987);71:S70-571; Seto C, et al.; Jpn J Ophthalmol 
(1936);3Ch238-244.; Burstein N I et al. Exp Eye Res (1984) 
;39:74S-749; Bmbaker R F et al. Arch Ophthalmol (1987); 5S 
105:637-641). 

Diverse biological activities are observed by raising the 
levels of cAMP, and as a result activating protein kinase. 
Such properties have led to numerous uses of Forskolin. Due 
to such activities, more than 1500 citations dealing with the e $ 
physiological properties of Forskolin appeared in Chemical 
Abstracts in 2001. However, Forskolin is highly insoluble in 
water. 

Intensive efforts have beeo made on the molecular 
manipulation of Forskolin to make such derivatives of 65 
Forskolin as will be water soluble. Sucb attempts have 
always met with mixed success (Lai. B.; Gangopadhyay, A 



K.; Raiagopalan, R.; Gbate, A. V.; Bioorgaoic & Medicinal 
Chemistry, (1998), 6(11), 2061-2073; Lai, B.; 
Gangopadhyay, A K.; Gidwaoi, R. M.; Fernandez, M.; 
Rajagopalan, R.; Ghate, A V; Bioorgaoic & Medicinal 
Chemistry, (1998), 6(U), 2075-2083). 

As an alternative to chemical manipulations of the drug 
molecular structure, physicochemical techniques of enhanc- 
ing the solubility of the underivatixed drug in water have 
been employed. Notable technologies include micellar solu- 
bilization using surface active ingredients, which will form 
water soluble micelles containing the drug. Another related 
technique is complexation of the drug molecule with a host 
molecule. The host molecule is usually one that has good 
solubility in water. The host molecule does not form any 
covalent bonds with the drug molecule but forms a weak 
complex through oon-covalont interactions and the host 
molecules) keep the dmg molecule® io water solution. 

Cyclodextrins are cyclic oligosaccharides which have 
been recognized as useful pharmaceutical cxdpients- The 
common cylcodextrio$ are called a-, p-, y 
o-cyclodextrins depending 00 the number of glucose mol- 
ecules io the cyclic oligosaccharide structure. These cyclo- 
dextrins are (al, 4)-lioked oligosaccharides of o>D- 
glucopyranose containing a relatively hydrophobic central 
cavity and hydrophilic outer surface. These molecules are 
not exactly perfect cylinders due to restriction of completely 
free rotation about their linking bonds of the units of the 
sugar molecule. They assume tbe shape of a torus or a 
truncated cone. The secondary hydroxy! groups line the 
wider edge of the rim while the primary hydroxy! groups 
line the narrow side of the torus. The solubilities of these 
molecules in water and the diameter of the central caviry 
have been known and published (Loflsson, T.; Brewster, M. 
E.; J Pharmaceutical Sciences, (1996), 85, 1017 & Rajcwski, 
ft. A.; Stella, Y J., J Pharmaceutical Sciences, (1996), 85, 
1142). Tne structure of p-cyclodextrin containing seven 
glucose units is shown as an example 



CHjOH 



45 



50 




CHiOH 



HOH.C 



OH y<^y° 
Slructoja of Boia-cyelodratr ifl 



The a-cyclodextrin has six anhydroghicose molecules in 
the ring; the y- and 6-cyclodextrios have eight aDd nine 
respectively. Die ct«, p> y a od a-cyclodextrins have their 
water sohibiltics at 2S° C (g/lOOmi) 14.5, 185, 23-2 & 8-19 
respectively. The a-, 0-, y- and 8-cyclodextrins are some- 
times called natural cyclodextrbs aod their solubilities in 
water are at the lowey eod of the desirable range. Neverthe- 
less they proved very good solubilizing agents for some of 
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tbc water insoluble molecules. To increase Use aqueous 
solubilities of these natural cyclcdextrins, molecular modi- 
fications of these a-, p-, 7- and &-cyclodcxtrio3 have been 
carried out in the literature. 

These modified cyctodextrins have much higher sorobiti- 
ties than their natural countoiparts and they can be classified 
as Methylated derivatives of P-cyclodcxtrin, 
2-bydroxypropylated (5- and >-cyclodex1rins, sulfobutylated- 
P-cyclpdextrins, branched cyclodextrins, acylated fl- and 
y-cyclodcxtrias. 

The cyclodextrins can be methylated by Kuhn- 
Trischmano racthylation, WacWs industrial method with 
mctbyl chloride under pressure and Hakamori methylation 
using mctbyfoalogenidc and sodium hydride (see, Szente, 
L.; Szejtli, I; Advanced Drug Delivery Reviews, (1996), 36, 15 
17), Toe first two technologies have been used to produce 
randomly methylated cyclodextrin mixture. On the other ^ 
hand Hakamori methylation is reported to produce a folly ' 
methylated heptakis 2,3,6-lri-O-mcthylaled eyefodcxtrios. 
The introduction of methyl substituents in the place of the 20 
hydrogens of the hydroxy group of parent p -cyclodextrin 
dramatically improves the solubility of this randomly 
methylated cyclodextrio, referred in this invention as 
RAMEBCD versus the parent p-cyclodextrio. 

There are totally 21 hydroxyl groups (14 secondary 25 
hydroxy] groups and seven primary hydroxyl groups) in 
p-cyclodextrin. The aqueous solubility of RAMEBCD 
increases as me number of methyl groups reaches around 
13-14 and decreases as ractbylalion approaches 21 methoxy 
groups per molecule of p -cyclodextrin. Ad example of a 30 
commercially available RAMEBCD product can be oiled the 
one produced by Wadcer Chemic aod marketed undeT the 
name CAVASOL® W7 M Pfaarma (CAS no 125446-36-6). 
Aqueous solubilities of such RAMEBCDs are typically 
-220 g/100 ml of water. Such RAMEBCDs have an average 35 
degree of methylation «4.7 to 1.9 per anbydroglucosc unit. 
Such RAMEBCDs are available commercially and have 
very good aqueous solubilities as noted. Tbe general struc- 
ture of such RAMEBCDs are shown as follows 



results in the formation of oligomeric hydroxyptopylene 
oxide side chain formation. Such 2-hydroxy-propyl-p- 
cyclodextrin referred in this invention as HPBCD is_ repre- 
sented by the following generic structure. Such materials are 
available commercially. 



ROH*C 



ROHiC 



cHjCR 




CHjQR 



ROHiC 



Structure of HP BCD 
-CHCOW-O'frW 



Similarly to HFBCD, Y-cyclodextrin can be bydroxypro- 
pylated to give hydroxypropyl v-cyclodextrin, referred as 
HPGCD in this invention. Such materials arc available 
commercially 



ROM 




45 




SttWtufa of RPCCD 
50 R= — fCHi— CHCCH^-O-^H 



CHiOR 



55 



A review on the applications of cyclodextrin in the 
ophthalmic field has appeared (Loftssona, T.; Jarvtnen, T.; 
Advanced Drug Delivery Reviews, (1999), 35, 59). A patent, 
U.S. Pat. No. 6,346,273 describes the aqueous solubilization 
of fbrskolin through the use of polyvinylpyrrobdone and a 
surfactant, polyetbyleneglycol -glyceryl tririicinoleate. The 
maximum solubility of Forskolin achieved io this patent is 
« 0.2% 

U.S. Pat. No. 4,476,140 describes a composition and 
method for treatment of Glaucoma by administration of a 
therapeutically effective amount of a material selected from 
Reacting cyclodextrins witb propylene oxide in alkaline the group consisting of forskolix), colforsin and polyoxygen- 
solutioo results in substitution of the hydroxy groups to the 65 ated Ubdane derivatives. The active agent concentration of 
cyclodextrins with 2-hydroxypropy] derivatives. A higher 0.1% to 4% is reported herein to be physiologically effective 
substitution of the hydroxyls with propylene oxide also when administered as a topical suspension to the eye. 



"CH^OR 
Structure oT RAMEBCD 



R= OfewH 
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U.S. Pat. Nos. 5,070,209, 4,978,678, 5,023,344, 4,871, 
764 describe novel 12-halogeoated forskolin derivatives, 
intermediates and processes for the preparation thereof, and 
meibods for reducing intraocular pressure utilizing com- 
pouods or compositions. 

BP0268256 describes novel 12^haJogenated forskolin 
dErivativcs, intermediates and processes for their 
preparation, and methods for reducing intraocular pressure 
utilizing the compounds or compositions. 

However these prior art references do not describe solu- 
bilization of unmodified forskolin to obtain clear aqueous 
solutions of concentrations of 1% or greater. 

SUMMARY OF INVENTION 

The invention describes the preparation of aqueous solu- 
tions of diterpenes such as Forskolin, that arc sparingly 
soluble or insoluble in water, of concentrations up to 
approximately 6%. Tbc$c solutions arc prepared using suit- 
ably substituted cyclodextrio as a solubilizing agent. In the 
absence of cyclodextrin, Forskolin is almost insoluble in 
water yielding solutions of only about 0-001% concentra- 
tion. Aqueous solutions of forskolin and/or its congeners, 
containing higher amounts of the active ingredient, can be 
used topically and sysierofcally to provide diverse health 
benefits. 

DETAILED DESCRIPTION 
Forskolin has the following structure 




OH 

Stricture of Forckolw 



A closely related isomer is called Isoforekolio and it has 
tbc following structure 




OCOCHi 
Suuetwo of Wo ftlulin 



IsoforskoUo also has been reported to have many similar 
pharmacological properties as Forskolin. We have used 
these six commercially available cyclodcxtrios, namely, o>, 
p-, y-cyclodcxtrins as well as their derivattzed products such 60 
as RAMEJ3CD, HPBCD, HPGCD to solubilize the rather 
sparingly water soluble Forskolio. 

To solubilizo Forakoliu using cyclodextrins, the chosen 
cyclodextrin and Forskolin are mixed in water in specific 
proportions. The aqueous solution is filtered to remove any 65 
undissoved particles to obtain a clear aqueous solution of 
Forskolin in water. 



Alternatively, the cyclodextrin aQ d Forskolin io certain 
proportions are dissolved in a suitable solvent such as 
ethanol or acctono or ethyl acetate. The solvent is removed 
to leave behind a while powder. Such powder freely dis- 

5 solves in water as the examples will illustrate. Further, 
additives to the aqueous solution of Forskolin can also be 
added. These additives are usually used for maintaining 
sterility, pH maintenance, maintenance of osmolarity etc. 
A wide variety of choice exists in the selection of Hich 

J° additives. While benzalkoniuro chloride is used in tbc illus- 
trative example for preservative, one could equally choose 
from many others such as Beozetbooium chloride, 
cblorobutanol. methyl paraben, propyl paraben, Thimerosal 
etc. 

15 An antioxidant such as the dfeodium salt of EDTA is used 
to stabilize the preparation; other antioxidants such as 
sodium bisulfite, sodium metabisulfltfi, ihiourea could be 
used also among others. 

Especially for ophthalmic solutions, viscosity desired for 
an ophlhalmic solution is in the range 25 and 50 cps. 
Viscosity enhancers such as polyvinyl alcohol, 
polyvinylpyrrolidone, methyl cellulose, bydroxypropylm- 
ethyl cellulose, hydroxvetbyl cellulose could be used. 

25 Tbc examples that are described below serve their pur- 
pose only as illustrative examples and do not limit in any 
way the broad scope of this invention. 

ILLUSTRATIVE EXAMPLES 

30 Example 1 

Determination of the aqueous solubility of Forskolin. 
Forskolin (300 mg) was dried at C. for 6 hours. Dried 
Forskolin 200 mg was stirrod with 100 ml water for 48 hours 

35 for the dcteradcuatioo of intrinsic solubility at ambient tcm- 
pcratureRcsuJting solution was filtered through 0.45 ftin 
nylon filter and analyzed for the content of Forskolin by 
HPLC. Content of Forskolin by HPLC 0.01 mg/ml or 
0.001% w/v; In otber words Forskolin has a solubility of 

oo -0.001% w/v in water. 

Example 2 

Forskolin (9S59& assay, 25 mg) was added to 1 ml water 
containing in the dissolved state 500 mg Hydroxy propyl p 
cyclodextrin, HPBCD, (-50%) Suspension was agitated at 
75 RPM in an isothermal shaker for 60 hours at temperature 
-30° C. Resulting solution was filtered through 0,45 pan 
nylon filter and analyzed for the content of Forskolin by 
HPLC 1.33 mg/ml or 0,133% w/v 

Example 3 

Forskolin (98.5% assay, 50 mg) was added to 1 ml water 
containing 500 tag Hydroxy propyl y-cyclodextrin io the 
dissolved state. (HPGCD) (-50%). Suspension was agitated 
at 75 RPM in an isothermal shaker for 60 hours at tempera- 
ture -30° C. Resulting solution was filtered through 0.45 /tfft 
nylon filter and analyzed foT the content of Forskolin by 
HPLC 1.52 mg/ml or 0.152% w/v. 

Example 4 

Experiments were performed by "changing" the crystal- 
linity of Forskolin by recrystnlb'ting from methylene chlo- 
ride and from ethyl acetate. Resulting "amorphous" Forsko- 
lin was used for cornpkxation with Hydroxyropyl 
Y-cyclodextrin HPGCD. Forskolin (29.3 mg) recrystallized 
with methylene dicbloride (Forskolin assay 99.0%) was 



45 



50 
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addod to 3 ml water containing 1.5 gram Hydroxy propyl 
Y-cyctodcxtruu HPGCD (-50%). Suspension was agitated at 
75 RPM in an isothermal soaker for 160 hour at temperature 
30* C. Resulting soluiioD was filtered through 0.45 nylon 
filter and analyzed for the content of Forskolin by HPLC 
1.74 mg/ml or QM47o w/v. 

Example 5 

ForskoUn (30.3 mg) cecrystallized with ethyl acetate 



rately. Botb the solutions were mixed together and solvent 
acetone wa$ evaporated under reduced pressure. Residue 
was dried and dissolved in 5 ml water. This residue dissolved 
very easily within 1 hour of slurring forming a clear colorless 
solution. 

Example 10 

Isoforskolin also could be used in place of Forskohn. In 
one preparation, Isoforskolin (50 mg) was suspended io 



(Forskolin assay 98.8%) was added to 3 ml water containing to W5tef coding a suitable amount of a cyclodextrin, for 



1.5 gram Hydroxy propyl Y<yciode*h;m, HPGCD (-50%). 
Suspension was agitated at 75 RPM in an isothermal shaker 
for 160 hour at temperature 30° C Resulting solution was 
filtered through 0.45 pm nylon filter and analyzed for the 
content of forskolin by HPLC 3.38 mg/ml or 0.338% w/v. 15 

Example 6 

Forskolin (98-5 % assay, 330 mg) was added to 10 ml 
water containing 4 g of RAMEBCD (-40%). Suspension 
was agitated at 75 RPM in an isothermal shaker for 40 hours 20 
at temperature 30° C Resulting solution was filtered through 
0.45 fan nylon filter and analyzed for ibe content of For- 
skolin by HPLC 20.46 mg/ml or 2,04<5% w/v. 

Example 7 

Solubility of Forskolin in water was determined at the 
different concentrations of RAME3CD ranging from 5 to 
66%. The relationship is nearly linear and indicates that the 
solubility of Forskolin is increased by increasing the con- 
centration of RAMEBCD. 



example, R AMEBCD (2D g) in about 100 ml water. After 
agitation at room temperature, the solution was filtered and 
the resulting solution was analyzed by HPLC which showed 
the presence of Isoforkolio approximately 0.5%; The 
amount of dissolved Isoforskolin could be altered by chang- 
ing the amount of RAMEBCD. 
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Example 8 

A typical aqueous for mularton of Forskolin with a cyclo- 
dextrin is prepared as follows, RAMEBCD. being used as 45 
the example of cyclodextrin RAMEBCD (100 g) is taken in 
a one liter flask with mechanical or magnetic earring facility. 
Forskolin (5.5 g) was charged into the flask. Water (400 ml) 
is charged to the flask and the contents were agitated at room 
temperature. A clear solution is obtained. If any undissolved 50 
Forskolin particles are seen, they are resuspeuded and 
stirred. Beozalkonium chloride (50 mg) and Disodium 
EDTA (500 mg) are added and dissolved in the flask. The pH 
of the contents could be adjusted to the desired range with 
the help of 0.1N sodium hydroxide, (usually pH range 35 to 55 
7.5). Calculated amount of sodium chloride solution is 
added to maintain the osraolariry of the solution equivalent 
to that of 0.9% sodium chloride. The total volume of the 
solution is made up to 500 ml after sterile filtration, A 
solution thus prepared has approximately l% of Forskolin in 
the dissolved state. Other cyclodextrins also could be used 
and depending on the cyclodextrin used, the dissolved 
content of Forskolin in water differed. 

Example 9 C5 
Forskolin (50 mg) was dissolved in 5 ml acetone, and 1 
gram of RAMEBCD was dissolved in 5 ml acetone sepa- 



Examplc U 

An illustrative example of the biological activity of the 
preparation is presented. The anti-glaucoma activity of the 
forskolin composition was studied in albino rabbits. A 1% 
solution of Forskolin in water as described in example 8 was 
used for the experiments 
Z5 Study design: Animal model: Albino rabbit Number of 
groups: 4 Number of animals in each group; 6 in treatment 
group and 2 in control group 

Materials and methods: Six albino rabbits of New Zealand 
strain, Of both sexes, weighing 1.0-1.5 lb were chosen. The 
30 rabbits were housed in clean and well-ventilated open space. 
Each, rabbit was fed with standard diet daily and water was 
administered ad libitum throughout the study. 

Ocular hypertension was induced by the method reported 
by Booomi et al (Invest Ophthalmol. 1976 September; 
l5(9);781-4.) Tlie rabbits were given 0.3 ml subcoojuncuval 
injection of Betrjesol containing betamethasone sodium 4 
jcog/ml, every day to each eye for a period of three weeks (the 
Intraocular pressure (IOP) at third week was maximum as 
per Literature), Local anesthetic propracaine eye drops were 
used prior to subconjunctival injections. 

in each rabbit the left eye was kept as control for 
glaucoma and the right eye was treated for glaucoma using 
Forskolin, Timolol, and the placebo. 

For each treatment, the IOP readings were measured at 
intervals of 30 minutes up to 210 minutes using tbe non- 
contact tonometer (NCI). 
Results 
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'Average of 6 determination* 

lor of left eye (control) ranged between 12-13 mtnHg. 

tOP of control group ooiouU ranged between 4-4.5 tnajHG. 

Statistical Analysis: The IOP readings of the placebo, 
Forskolin and Timolol were subjected to AN OVA (one way). 
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Tbe p value was 0.0022 which is very significant, indicating 
that the variation in column means is not by chance. 

Tbe 10P readings of the placebo and forskolin were 
subjected to *V test to determine whether the medicos of 
Forskolin and the placebo differ significantly, The p value 5 
was found to be 0,0177 which is considered significant. 
Similarly, the K>P readings of the placebo and Timolol had 
a a p" value of 0.0087, which is again significant. 

The IOP readings of Forskolin and Timolol Were also 
subjected to "i" test. The p value was found to be 0 .3999, 
which is not considered significant., implying that the activ- 
ity of forskolin preparation is not signjy&carjtly different from 
Timolol 

Conclusion: The Forskolin composition has *nti- 15 
glaucoma activity comparable to Timolol. 
What is claimed is: 

1. A method of solubilizing at least one natural or syn- 
thetic forskolin, isoforskolin, or 7-dcacetylfoTskolin in 
water, the method comprising: 20 

1) suspending forskolin, isoforskolin or 
7-dcacetylforskolin in water containing a compIcTcing/ 
soJubilizing cyclodextrin agent; 

2) agitating at room temperature; and 

3) filtering to obtain a clear aqueous solution containing 25 
0.09% to 6% of forskolin, isoforskolin, or 
7-deacctylCorskolio. 

2. The method as claimed in claim 1, wherein the at least 
one natural forskolin, isoforskolin, or 7-deacetylforskotin is 
obtained from Coleus forskohlri. 30 

3. The method as claimed in claim 1, wherein the 
complcxing/solubiliziDg cyc]od=xirit) agent is selected from 
the group consisting of a-, [J-, Y-cyelodextrins or their 
derivarized products, randomly methylated 0 -cyclodextrin 
(RAMEBCD), 2-hydroxy*propyt-P-cyclodextrin (HPBCD), * 5 
and hydroxypropyl Y-cyclodextrin (HPGCD). 

4. The method as claimed in claim 3, wherein prior to step 
1), the cydodcxtrio agent and forskolin, isoforskolin, or 
7-doacctylfor6kolio are dissolved in a solvent under 
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10 

agitation, wherein the solvent is selected from the group 
consisting of cthanol, acetone, ethyl acetate, and methylene 
Chloride, followed by removal of the solvent and suspending 
and dissolving the residue in water. 

5. The method of claim 1, wherein the clear aqueous 
solution is suitable for ophthalmic, topical and systemic 
uses, 

fi\ A method of solubilizing at least one natural or syn- 
thetic forskolin, isoforskolin. or 7 : deacctyl£orskolin in 
water, the method comprising: 

t) dissolving forskolin, isoforskolin or 
7-deacetylforskolin. in an organic solvent selected from 
ethanol, acetone, ethyl acetate and methylene chloride; 

2) recrystallizing forskolin, isoforskolin or 
7-deacetylvforskQlin from the organic solvent; 

3) coraplexing the forskolin, isoforskolin or 
7-deacetylforskolio in water containing a cofflplexing/ 
solubilizing cyclodextrin agent selected from the group 
consisting of a-, Y-cycJodextrins or their derivatized 
products, randomly methylated p -cycle dextrin 
(RAMEBCD), 2-hydroxy-propyl-P-cyclodextrin 
(HPBCD), and hydroxypropyl v-cydodextrin 
(HPGCD); 

4) agitating at room temperature for 4 to 160 hours; and 

5) filtering to obtain a clear aqueous solution containing 
0 09% to 6% of forskolin, isoforskolin, or 
7-deacefylforskolin. 

1, A method of solubilizing at least one natural or syn- 
thetic forskolin, isoforskolin, or 7-deacctylforskolio in 
water, the method comprising: 1) suspending forskolin, 
isoforskolin or 7-deacetylforskolin in water containing ran- 
domly methylated p-cydodcxtrin (RAMEBCD); 

2) agitating at room temperature; and 

3) filtering to obtain a clear aqueous solution containing 
0.09% to 6% of forskolin, isoforskolin, or 
7-deacctylforskolm. 

* * * * * 
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